Introduction
Several epidemiological and prospective investigators and practitioners have accepted that micronutrients have a major function in many periods of a woman"s life, particularly during pregnancy and lactation. 1 Understandably, nutrient needs increase during pregnancy and lactation to support foetal growth and milk production respectively. 2 Indeed, micronutrient deficiencies during pregnancy are associated with low birth weight, poor growth and development and sometimes neonatal and infant mortality. During lactation, a major reduction in the concentration of some of these nutrients in breast milk could occur and subsequently leads to infant depletion. 3 Recent estimates indicate that globally, over two billion people are at risk for micronutrient deficiencies, despite recent efforts at prevention and management. 4 These deficiencies are more pronounced during pregnancy and lactation, and in young children of Southeast Asia and sub-Saharan Africa. 4 Zinc is an essential trace element in human and animal nutrition, with protective properties against endogenous or exogenous aggression, necessitated by the hyperproduction of highly reactive oxygen derivatives. It is an antioxidant, and also an effective "scavenger", mopping up free radicals and reactive oxygen species. 5 It is fundamental for growth, development, reproduction and immune response. 6 Variations in plasma zinc concentration occasioned by disease, pregnancy, or stress and fluctuations in dietary intake are common. 7 Zinc deficiency is estimated to be one of the commonest nutritional problems in the world. 8 Indeed zinc deficiency in the female can lead to impaired synthesis/secretion of follicle stimulating and luteinising hormone, abnormal ovarian development, recurrent abortion, prolonged pregnancy and labour, teratogenicity, still births, pre-eclampsia, and low birth weight of infants. 9 Human breast milk is a complex fluid, rich in nutrients and non-nutritional bioactive components. 10 It is not only a source of nourishment but also a powerful antimicrobial agent. 11 The quality of a mother"s breast milk is very crucial for the optimal survival of the new born baby. In our environment, maternal malnutrition is common, and this has led to wild spread suggestions that routine micronutrient supplementation should be the rule. This supposition has led to the haphazard importation, into the Nigerian market, of numerous multivitamin and trace element compositions, with each drug company asserting superiority of its products over the others. Regrettably, there is paucity of information on maternal zinc status during pregnancy and lactation in our environment. Invariably, this has led to the production of supplements based on information that is completely extraterrestrial to our peculiar environment. In this regard, we decided to establish the baseline zinc status of our pregnant and lactating mothers to assist health care providers determine the actual amount of zinc required during pregnancy and lactation. 
Subjects and Methods

Study Area
Study Design and Setting
This is a cohort survey, undertaken between March and December 2009. After obtaining ethical clearance and informed verbal consent, 120 pregnant women, 40 in each trimester; first (0-13 weeks), second (14-27 weeks) and third (28 weeks and above) were randomly recruited. They were attending the ante-natal clinic of one tertiary and two secondary health care institutions in Enugu. The selection was based on lucky dip of "YES" or "NO". Women who had multiple pregnancies, obstetric haemorrhage, anaemia, fever, HIV positive, sickle cell disease, diabetes mellitus, malignancy, chronic alcoholics, tuberculosis, hypertension and any diagnosed inflammatory disorder in pregnancy were excluded. Also excluded were smokers and women on zinc supplements. The control group was made up of age and socioeconomic status matched 35 non-pregnant, non-lactating, apparently healthy mothers. They were recruited from the staff of UNTH and University of Nigeria, Enugu Campus (UNEC). The age range of the pregnant women was 19-42 years. Among those recruited, only 80 completed the study; twenty two (22) from the 1st trimester, 31 from the second trimester and 27 from the 3 rd trimester.
Approval for the study was granted by the Ethics committee of the Hospital (ref:
UNTH/CSA.329/Vol.6).
Methods
Socio-Economic Status of Subjects
Information on the socio-economic status was obtained by the administration of semi-structured, self-administered questionnaire. The socioeconomic class was determined by the method of Szreter.
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Dietary Evaluation of Subjects A 24-hour dietary recall interview was conducted for all the subjects to estimate their dietary zinc and calorie intake. In this method, the subjects were required to recall the individual"s exact food intake during the previous twenty-four-hour period or preceding day. Detailed descriptions of all foods and beverages consumed, including cooking methods and brand names (where possible) were recorded. The amounts of nutrient intakes were calculated based on the nutrient composition of commonly eaten foods in Nigeria and other parts of the world.
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Anthropometric/Socio-Demographic Characteristics. The anthropometric/socio-demographic characteristics were obtained from the medical history, and physical examination. The weights were measured to the nearest 0.5 kilogram using a standard weighing scale (STADIOMETER, SECA, MODEL 220, GERMANY). The heights were measured in meters, with the same equipment without shoes, with the feet together, standing as tall as possible with the eyes level and looking straight ahead. Obstetric examinations, routine laboratory tests and ultra-sonography were performed.
Blood Sample Collection
About 5ml venous blood from the antecubital vein was collected from subjects at each period (pregnancy, and postpartum), using sterile, disposable syringes. The samples were transferred into sterile, anti-coagulant-free glass sample containers (plain tubes). Samples for the non pregnant group were collected on the 5 th day of their menstrual cycle. The blood samples were allowed to stand for about thirty (30) minutes to clot and then centrifuged at 3,500 rpm for 15 minutes. The serum was collected and kept frozen at -20 o C until analysed. Breast milk samples (10ml) were collected from the lactating mothers by manual expression of the milk directly from the breast into sterile, plastic sample containers. After collecting the first 5ml, the baby was breastfed for 15 minutes and thereafter, an equal volume of hind-milk from the same breast was collected. After mixing thoroughly, the samples were immediately stored and frozen at -20 o C prior to analysis. All milk samples were collected within the same period of the day (9.00 -11.00 am) to avoid any possible diurnal changes.
Breast Milk Sample Collection
Analysis of Zinc Concentration
Analyses (serum and milk) were done within two weeks of sample collection using Atomic Absorption Spectrophotometer (AAS), (Buck Scientific AAS/AES Model 205, United States of America). 
Statistical Analysis
Discussion
There is no doubt that zinc status is an imperative nutritional parameter during pregnancy and lactation. 18 Accordingly, the determination of its levels has become a valuable tool in the management of pregnancy and its complications. The results of this study revealed that there was a statistically significant decrease in mean serum zinc concentration in pregnancy when compared with non-pregnant subjects. The decrease was progressive with the lowest mean serum zinc levels obtained in the third trimester. Significantly lower serum zinc levels in pregnancy have been reported in earlier studies in different parts of the world. 18, 19, 20 There is no doubt that the body"s need for zinc is greatest during pregnancy, lactation, infancy and adolescence. 9 Consequently, the need to increase zinc intake during pregnancy in this population through supplementation cannot be overemphasised. Several studies have continued to associate zinc deficiency with obstetric complications and hence continued to advocate increase in zinc intake during pregnancy and lactation. 21, 22 Indeed it has been reported that oxidative stress can result from deficiency of trace elements such as zinc, copper and selenium. 23 Invariably, zinc supplementation reduces pregnancy complications, improves pregnancy outcome, foetal development, lactation and neonatal growth. 21 In this study, it was established that serum zinc concentration which decreased in pregnancy, increased slightly, though non-significantly in mothers after the baby was delivered. The slight increase could result from the expulsion of the placenta which transports maternal zinc to the foetus. Furthermore, it has been shown that zinc absorption efficiency increases markedly in early lactation compared with preconception levels. 2 Serum zinc homeostasis during pregnancy has been linked to placental hormones. As lactation commences, zinc is transferred from the mother to the breast milk.
In the present study, a progressive decline in the zinc concentrations of breast milk as the duration of lactation increased was demonstrated, with the highest concentration in colostrum (day 0-3 postpartum) and the least in mature milk (day 13-15 postpartum). The result is consistent with other reports which affirmed that concentrations of zinc in breast milk decreased significantly at successive stages of lactation. 24, 25 Indeed it has been demonstrated that the macronutrient, mineral and trace element composition of breast milk fluctuates to a great extent as the duration of lactation increased. 24 Furthermore, breastfeeding routine/pattern; parity, age, and other maternal characteristics; regional differences, and in some situations, season of the year and maternal diet have been known to influence the concentration of breast milk constituents. 26 This study forms a hinge in the establishment of serum zinc reference levels in pregnancy, postpartum and breast milk of mothers in this region. As a result, it should constitute the foundation for the formulation of sufficient micronutrient replacement policy for our pregnant and lactating mothers. Conversely, it would have been more appropriate if we had recruited all the women in the first trimester and followed them up until delivery. Also there may have been some bias in the assessment of zinc intake from the dietary recall. Moreover, one month dietary recall, wherever practicable gives superior dietary synopsis than a 24 hour recall. These will be addressed in further studies.
Our priority in developing countries should therefore be institution of a suitable strategy for the prevention and management of maternal undernutrition. This may require multiple interventions supported and promoted by different delivery strategies. Food supplements should be fortified and micronutrients formulated to suit our peculiar geographic and socioeconomic circumstances. This will go a long way to reduce the burden of maternal and infant morbidity and mortality. Furthermore, women should be educated on the importance of adequate and optimal macro and micronutrient intake during pregnancy and lactation.
